It has been shown recently that the embryogenic capacity of leaf explants of Pennisetum purpureum Schum. (Napier or Elephant grass) that is closely related to the spatial and temporal gradients in young leaves is associated also with high levels of endogenous IAA and (+)-ABA (21). These relationships can be investigated further by experimental manipulation of endogenous levels ofIAA and ABA using inhibitors oftheir biosynthesis.
concentrations tested. Inhibition of somatic embryogenesis by fluridone, by either in vivo or in vitro application, could be overcome partially by (±)-ABA added to the culture medium. Exogenous appiamtion of (±)-ABA enhanced somatic embryogenesis and reduced the formation of nonembryogenic callus. Application of IAA or gibberellic acid (GA; >5 milligrams per liter) was inhibitory to somatic embryogenesis. These results indicate that endogenous ABA is one of the important factors controlling the embryogenic capacity of leaf explants in Napier grass.
It has been shown recently that the embryogenic capacity of leaf explants of Pennisetum purpureum Schum. (Napier or Elephant grass) that is closely related to the spatial and temporal gradients in young leaves is associated also with high levels of endogenous IAA and (+)-ABA (21) . These relationships can be investigated further by experimental manipulation of endogenous levels ofIAA and ABA using inhibitors oftheir biosynthesis. Although (3, 6, 7) , completely inhibited ABA synthesis in maize seedlings (18) . Also, glyphosate (N[phosphonomethyl]glycine) treatment has been reported to promote IAA oxidation, thereby reducing endogenous LAA levels in tobacco callus and in soybean and pea seedlings (14, 15) .
Paclobutrazol (PP333; [2RS, 3RS]-l-[4-chlorophenylJ-4,4-dimethyl-2-[i,2,4-triazol-1-yl]pentan-3-ol)
, a triazole GA biosynthesis inhibitor (4, 20) , was used to investigate the effect of reduced GA levels on embryogenic capacity. Donor plants and isolated leaf explants of Napier grass were treated with glyphosate, fluridone, and paclobutrazol in vivo and in vitro. The effects of these treatments on endogenous levels of ABA and IAA in young leaves and the embryogenic capacity of leaf explants are presented in this report. (21) . The culture medium (PP medium) consisted of inorganic and organic constituents of Murashige and Skoog (19) medium supplemented with 0.5 mg/L 2,4-D, 0.5 mg/L BA, 1.0 mg/L naphthalene-l-acetic acid (NAA) and 5% (v/v) coconut milk. Growth regulators including coconut milk were added before autoclaving. Culture conditions were as described before (21) (Table I) .
MATERIALS AND METHODS

Callus
Endogenous Levels of IAA and ABA in Young Leaves. Free IAA levels in basal portions ofthe young leaves were not affected by treatments with fluridone or paclobutrazol. However, glyphosate-treated plants contained 1.7 times more IAA in the basal portion of young leaves than controls. Endogenous levels of both IAA and ABA were similar in control plants which were irrigated with water only or with water containing 0.01% DMSO indicating that the DMSO required for dissolution of the hormone had no effect on endogenous hormone levels. Glyphosate-treated plants contained almost twice the amount of ABA as did control plants. There was no difference between control and paclobutrazol treatment with regard to endogenous ABA levels, but a significant reduction (50-fold) in endogenous ABA levels was observed in fluridone-treated plants (Table II) (Table III) . Glyphosate, at less than 5 mg/L, did not affect embryogenic callus formation; however, at concentrations of 5 mg/L and higher, the formation of embryogenic callus was inhibited (Table IV) . In a parallel experiment, embryogenic callus pieces were transferred to PP medium containing fluridone (0.02 to 20 mg/L). After 10 to 15 d of culture almost all the callus pieces turned black and became nonembryogenic (Table  V) .
Endogenous levels of ABA and IAA were measured only in those explants grown in the presence of fluridone for 5 d. ABA levels decreased with increasing concentrations of fluridone (Fig.  1) . Endogenous IAA levels were unaffected except for a reduction in IAA levels observed at 10 mg/L fluridone (Fig. 1) .
Restoration of Embryogenic Capacity by Exogenous ABA in Fluridone-Treated Leaf Explants and Embryogenic Callus. Leaf explants collected from fluridone-treated, glasshouse-grown plants were cultured on PP medium or on PP medium supplemented with 5 mg/L (±)-ABA. Somatic embryogenesis was observed in 18% of the leaf explants cultured in the presence of (±)-ABA as compared to none on PP medium without (±)-ABA (Table V) . In another experiment, explants from field-grown, untreated plants were first cultured for 5 d on PP medium containing fluridone (5 mg/L). After this culture period, explants were collected, rinsed in sterile H20, and divided into two equal groups. One group of explants was transferred to fresh PP medium and the other to PP medium containing 5 mg/L (±)-ABA. A significant proportion of the leaf explants (28%) produced embryogenic callus 15 to 20 d after transfer to PP medium containing (±)-ABA. Formation of embryogenic callus was minimal (5%) from the leaf explants in the absence of (±)-ABA. Similarly, 40% of the embryogenic callus pieces which were first grown on fluridone containing medium for 5 d, continued to produce embryogenic callus on transfer to PP medium containing (±)-ABA (5 mg/L) compared to 32% in the absence of (±)-ABA (Table V) . All the embryogenic callus pieces continued to ENDOGENOUS ABA AND IAA AND SOMATIC EMBRYOGENESIS tions tested (0.02-20 mg/L), did not inhibit somatic embryogenesis from young leaf explants. On the contrary, an increase in the percentage of explants producing embryogenic callus was observed at 1.0 and 5.0 mg/L (Table VIII) . Abscisic acid promoted embryogenic callus formation at all concentrations as indicated by the increase in the ratio of embryogenic to nonembryogenic callus with increasing concentrations of (±)-ABA (Fig.  2) .
DISCUSSION
In a previous study we showed that morphogenically competent leaf tissues and embryogenic callus contained high endogenous levels of IAA and ABA (21) . Attempts to alter the endogenous levels of IAA by application of exogenous IAA (0.02-20 (8, 9) . Paclobutrazol, a biosynthesis inhibitor of gibberellins (20) , had no effect on the embryogenic nature of explants in this experiment. Neither the paclobutrazol nor the reduced levels ofgibberellins which may have resulted from its application altered embryogenic character of the explants. The effect of paclobutrazol on other hormones in higher plants is not clearly understood, but treatment of plants with paclobutrazol did not alter the endogenous levels of ABA and IAA in the present study.
Although the treatments designed to alter the IAA and GA levels in explants indicated no definitive role(s) for these molecules in the regulation of somatic embryogenesis, several interesting findings have emerged from this study regarding the role of endogenous ABA in somatic embryogenesis from leaf explants of Napier grass: (a) Incorporation of(+)-ABA in culture medium enhances embryogenic callus formation and somatic embryogenesis (Table VIII; Fig. 2 ). These results are consistent with those of several studies with other plants (1, 2, 24) . (b) Treatment in vivo of plants or in vitro of leaf explants with fluridone resulted in a significant reduction of endogenous ABA level and inhibition of somatic embryogenesis (Tables II, III ; Fig. 1 ). (c) Embryogenic capacity of fluridone-treated explants or callus can be restored, albeit partially, by subsequent application of (-)-ABA (Table V) .
These results, along with our earlier findings that embryogenically competent young leaf tissues and callus contain higher levels of endogenous ABA than noncompetent mature leaves and nonembryogenic callus (21) , indicate that endogenous ABA is causally related to somatic embryogenesis from leaf explants of Napier grass. However, the mode of action of ABA is not known. Since accumulation of starch is one of the characteristic features of embryogenic cells of Pennisetum (25) and other grasses, ABA may be involved in regulation of carbohydrate metabolism. ABA may enhance embryogenesis by promoting sucrose uptake from the medium (23) or starch synthesis by controlling a-amylase activity (13) . Abou-Mandour and Hartung (1) have suggested that promotive effects of osmotic stress on callus growth and differentiation in Zea mays could possibly be mediated by ABA. In addition, interaction between ABA and other growth regulators (5) may play an important role in determining the course of differentiation in vitro.
